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(54) Illumination apparatus and endoscope

(57) An illumination apparatus includes a light source
(112) which generates heat when emitting an illumination
light from a light-emitting surface, a light guide bundle
(94) which has a light-receiving surface opposed to the
light-emitting surface of the light source, to receive the
illumination light emitted from the light-emitting surface
of the light source, and guides the illumination light from

the light source received by the light-receiving surface,
and a light guide connector (94a) which has an end face
arranged along the light guide bundle and opposed to
the light-emitting surface of the light source, and a contact
part in which at least a part of the end face directly con-
tacts the light-emitting surface, and absorbs the heat gen-
erated on the light-emitting surface of the light source.
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Description

[0001] The present invention relates to an illumination
apparatus requiring radiation of heat from a light source
when a light source is provided in a narrow space, for
example, and an endoscope having such an illumination
apparatus.
[0002] An LED is provided as a light source of illumi-
nation light of an illumination apparatus, which emits light
from a distal end of an insertion portion of an endoscope,
in a narrow space in an operation portion of the endo-
scope, as shown in Jpn. Pat. Appln. KOKAI Publication
No. H5-146403, for example.
[0003] When a light source is provided in a narrow
space as disclosed in Jpn. Pat. Appln. KOKAI Publication
No. H5-146403, a structure to efficiently diffuse or radiate
heat generated upon emission of light from a light source
is desired, to prolong the life of the light source.
[0004] The present invention has been made to solve
the above problem. It is an object of the invention to pro-
vide an illumination apparatus configured to efficiently
diffuse or radiate heat generated upon emission of light
from a light source, and an endoscope using such an
illumination apparatus.
[0005] According to an aspect of the invention, there
is provided an illumination apparatus including
a light source which generates heat when emitting illu-
mination light from a light-emitting surface;
a light transmission member which has a light-receiving
surface opposing the light-emitting surface of the light
source, to receive the illumination light emitted from the
light-emitting surface of the light source, and guides the
illumination light from the light source received on the
light-receiving surface; and
a heat radiation member which has an end face arranged
along the light transmission member and opposed to the
light-emitting surface of the light source, and a contact
part in which at least a part of the end face directly con-
tacts the light-emitting surface, and transmits the light
generated in the light source.
[0006] The invention can be more fully understood
from the following detailed description when taken in con-
junction with the accompanying drawings, in which:

FIG. 1A is a schematic perspective view showing an
endoscope according to first to fourth embodiments;
FIG. 1B is a schematic view showing the distal end
face of a hard distal end portion indicated by an arrow
1B in FIG. 1A;
FIG. 2 is a schematic view showing the internal struc-
ture of the endoscope according to first to fourth em-
bodiments;
FIG. 3 is a schematic perspective view showing an
operation portion of the endoscope, according to first
to fourth embodiments;
FIG. 4 is a schematic longitudinal sectional view
showing an operation portion main body and a grip
part of the operation portion of the endoscope, ac-

cording to first to fourth embodiments;
FIG. 5A is a schematic longitudinal sectional view of
the grip part and a protection hood of the operation
portion of the endoscope, according to first to fourth
embodiments;
FIG. 5B is a schematic partial cross sectional view
showing the state in which a forceps plug is fitted to
a treatment device insertion port provided in the grip
part shown in FIG. 5A;
FIG. 6A is a schematic longitudinal sectional view
showing a light source apparatus and a connection
member to hold the light source apparatus arranged
inside the grip part of the operation portion of the
endoscope, according to the first embodiment;
FIG. 6B is a schematic partial longitudinal sectional
view showing the state that a mounting substrate
provided with a light source is fixed to a second cy-
lindrical member of the connection member;
FIG. 7A is a schematic transverse sectional view
along line 7A-7A in FIG. 6A of the light source ap-
paratus and the connection member to hold the light
source arranged inside the grip part of the operation
portion of the endoscope, according to a first em-
bodiment;
FIG. 7B is a schematic transverse sectional view
along line 7B-7B in FIG. 6A;
FIG. 7C is a schematic transverse sectional view
along line 7C-7C in FIG. 6A;
FIG. 7D is a schematic transverse sectional view
along line 7D-7D in FIG. 6A;
FIG. 8 is a schematic longitudinal sectional view
showing the light source and the connection member
to hold the light source apparatus arranged inside
the grip part of the operation portion of the endo-
scope, according to a second embodiment;
FIG. 9A is a schematic longitudinal sectional view
showing the light source and the connection member
to hold the light source apparatus arranged inside a
grip part of the operation portion of the endoscope,
according to a third embodiment;
FIG. 9B is a schematic transverse sectional view
along line 9B-9B in FIG. 9A;
FIG. 10A is a schematic diagram showing an Exam-
ple 1 of a relationship among a light-emitting surface
of a light source of an illumination apparatus, a prox-
imal end face of a light guide bundle, and a proximal
end face of a light guide connector, according to the
fourth embodiment;
FIG. 10B is a schematic diagram showing an Exam-
ple 2 of a relationship among the light-emitting sur-
face of the light source of the illumination apparatus,
the proximal end face of the light guide bundle, and
the proximal end face of the light guide connector,
according to the fourth embodiment;
FIG. 10C is a schematic diagram showing an Exam-
ple 3 of a relationship among the light-emitting sur-
face of the light source of the illumination apparatus,
the proximal end face of the light guide bundle, and
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the proximal end face of the light guide connector,
according to the fourth embodiment; and
FIG. 10D is a schematic diagram showing an Exam-
ple 4 of a relationship among the light-emitting sur-
face of the light source of the illumination apparatus,
the proximal end face of the light guide bundle, and
the proximal end face of the light guide connector,
according to the fourth embodiment.

[0007] Hereinafter, embodiments of the present inven-
tion will be explained with reference to the accompanying
drawings. The endoscope explained in the following em-
bodiments is a medical endoscope with excellent trans-
portability, with an image display device built into an op-
eration portion as one piece, and one that is applicable
to other industrial fields, as well as the medical field.

[Embodiment 1]

[0008] First, a first embodiment will be explained by
using FIG. 1A to FIG. 7D.
[0009] As shown in FIG. 1A and FIG. 2, an endoscope
10 mainly includes an insertion portion 12 to be inserted
into an observing area as an observation object in the
abdominal cavity, and an operation portion 14 connected
to the proximal end of the insertion portion 12.
[0010] As shown in FIG. 1A, the insertion portion 12
mainly includes a hard distal end portion 22 provided at
the distal end of the insertion portion 12, a bending portion
24 connected to the proximal end of the hard distal end
portion 22, and a flexible portion 26 having flexibility
formed thin and long and connected to the proximal end
of the bending portion 24. The proximal end of the flexible
portion 26 is connected to the operation portion 14.
[0011] A base material of the hard distal end portion
22 is metal, for example, and the outside surface of the
base material is covered with an insulation coating. The
bending pieces of the bending portion 24 and a cylindrical
braid covering the outside surface of the bending pieces
are made of a metallic material, for example. The outside
surfaces of the bending pieces and braid are covered
with a thin insulation rubber. A helicoidal pipe of the flex-
ible portion 26 is made of a metallic material, for example,
and the outside surface of the helicoidal pipe is covered
with an insulation tube. The base material of the hard
distal end portion 22 is connected to the foremost bending
piece of the bending portion 24. The helicoidal pipe is
connected to a bending piece closest to the proximal end
of the bending pieces in the bending portion 24. An in-
sulation tube made of PTFE is used for a channel tube
74 of a channel 62, described later, to insert the hard
distal end portion 22 of the insertion portion 12, the bend-
ing pieces and braid of the bending portion 24, and the
helicoidal pipe of the flexible portion 26.
[0012] As shown in FIG. 1A and FIGS. 3 to 5A, the
operation portion 14 mainly includes an operation portion
main body 32, an image display device 34 provided at
the upper end of the operation portion main body 32, a

grip part 36 connected to the lower end of the operation
portion main body 32, and a protection hood 38 connect-
ed to the lower end of the grip part 36 to prevent buckling
of the flexible portion 26.
[0013] The grip part 36 is provided between the oper-
ation portion main body 32 and insertion portion 12, and
grasped by an operator when operating the endoscope
10. The grip part 36 is shaped to be grasped by a thumb
T and other fingers of one hand of an operator, for ex-
ample.
[0014] The operation portion main body 32 is provided
with a bending control lever 42, a suction button 44 having
a suction connector 44a, an image switch 46, and a vent
connector 48. The bending control lever 42 is provided
on the side of the operation portion main body 32 indi-
cated by the arrow 10f in FIG. 1A (hereinafter called the
front side). The suction button 44 and image switch 46
are provided on the side of the operation portion main
body 32 indicated by the arrow 10b in FIG. 1A (hereinafter
called the rear side). The vent connector 48 is provided
on one side of the front side 10f and rear side 10b.
[0015] As shown in FIG. 1A and FIG. 4, the bending
control lever 42 includes a pivot 42a, an arm 42b, and a
finger rest 42c. The pivot 42a penetrates the operation
portion main body 32 in the horizontal direction in FIG.
1A. The pivot 42a is provided on the other side of the
front side 10f and rear side 10b (the opposite side of the
vent connector 48). The pivot 42a is fixed to a pulley (not
shown), on which an operation wire 52 is wound in the
operation portion main body 32. One end of the arm 42b
is fixed to the pivot 42a. The other end of the arm 42b is
connected to the finger rest 42c. The finger rest 42c is
provided on the front side 10f closely to the grip part 36,
so as to be controlled by the thumb T of the left hand of
an operator when grasping the grip part 36. Namely, the
arm 42b and finger rest 42c of the bending control lever
42 are substantially L-shaped.
[0016] As shown in FIG. 4, a pair of operation wires 52
is connected in the grip part 36 of the operation portion
14 by a wire length adjuster 56. Namely, the operation
wires 52 include a first wire 52a and a second wire 52b,
respectively.
[0017] The distal end of the first wire 52a is fixed to a
foremost bending piece of the not-shown bending pieces
inside the bending portion 24, or the hard distal end por-
tion 22. The proximal end of the first wire 52a is extended
to the inside of the grip part 36 of the operation portion
14 through the flexible portion 26 of the insertion portion
12.
[0018] One end of the second wire 52b is fixed to a
pulley in the operation portion main body 32, and the
other end is extended to the inside of the grip part 36.
The first and second wires 52a and 52b are connected
by the wire length adjuster 56, so that the wires can be
disconnected and the length of each wire can be adjust-
ed. Further, the first wire 52a is covered with a coil-
shaped angle coil 58, in substantially the whole length of
the protection hood 38 and flexible portion 26, except the
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bending portion 24 and the part close to the wire length
adjuster 56. This prevents friction between the first wire
52a and a connection member 200, to be described later,
and breakage of the first wire 52a when contacting other
members, thereby protecting the first wire 52a.
[0019] Therefore, by operating the bending control le-
ver 42 by hanging a thumb on the finger rest 42c, the
operation wire 52 wound around the pulley is moved in
the axial direction, and the bending portion 24 is bent.
[0020] A suction unit (not shown) is connectable to the
suction connector 44a shown in FIG. 1A through a tube
(not shown). By operating the suction unit and suction
button 44, an operator can suction bodily fluids and
phlegm from the abdominal cavity through a channel 62
as a tubular member. As shown in FIG. 2, the channel
62 is extended into the operation portion 14 and insertion
portion 12, so that one end (proximal end) is opened to
the operation portion main body 32, and the other end
(distal end) is opened to the distal end face of the hard
distal end portion 22.
[0021] The image switch 46 provided on the rear side
10b of the operation portion main body 32 includes an
image recording switch 46a and an image reproducing
switch 46b. The image recording switch 46a is turned on
when recording an image displayed on a monitor 132,
described later, of the image display device 34, on a re-
cording medium connected to a recording control circuit
138 (refer to FIG. 2), described later. The image repro-
ducing switch 46b is turned on when an image recorded
on a recording medium is reproduced.
[0022] On the left side of the operation portion main
body 32 in FIG. 1A, the vent connector 48 is provided for
supplying air into the insertion portion 12 and operation
portion 14 provided with the image display device 34
when checking the endoscope 10 for water leakage. A
not-shown cap is detachably fitted to the vent connector
48 to open the inside of the endoscope 10 to the atmos-
phere to prevent a breakage of the thin rubber covering
the outside of the bending portion 24 under negative pres-
sure, when the endoscope 10 is left in negative pressure
for sterilization or aerial transportation, for example.
[0023] As shown in FIG. 2, a channel 62, illumination
optical system 64 and observation optical system 66 are
provided in the insertion portion 12 and operation portion
14 of the endoscope 10.
[0024] The channel 62 includes an opening 72 (refer
to FIG. 1B) of the hard distal end portion 22 of the insertion
portion 12, a channel tube 74 (refer to FIG. 5A) connected
to the opening 72 to insert the insertion portion 12, a
branch part 76 (refer to FIG. 5A) as a heat transmission
frame (a heat transmission path), a connection tube 78
(refer to FIG. 5A) as a heat transmission frame, a treat-
ment device insertion port (opening) 80 (refer to FIG. 5A)
as an external heat radiation part of the endoscope 10,
a suction path 82 (refer to FIG. 4 and FIG. 5A), and a
suction button housing 84 (refer to FIG. 4).
[0025] As shown in FIG. 5A, the branch part 76, con-
nection tube 78 and treatment device insertion port 80

are connected. The branch part 76 is connected to a sec-
ond frame 174, described later, of the grip part 36. There-
fore, heat generated in the grip part 36 of the operation
portion 14 can be radiated from the second frame 174 to
the treatment device insertion port 80 through the con-
nection tube 78.
[0026] The suction button 44 having the suction con-
nector 44a is provided in the suction button housing 84.
The suction connector 44a and treatment device inser-
tion port 80 are connected inside the operation portion
14. Namely, the suction path 82 and branch part 76 con-
nect the suction button housing 84 to the suction con-
nector 44a, and connect the connection tube 78 to the
treatment device insertion port 80.
[0027] The suction connector 44a of the operation por-
tion main body 32 is provided on the rear side 10b of the
endoscope 10. The suction connector 44a is used to suc-
tion bodily fluids and phlegm, for example, from the ab-
dominal cavity. The treatment device insertion port 80 of
the grip part 36 is provided on the rear side 10b of the
endoscope 10. The treatment device insertion port 80 is
used to insert/remove a treatment device into/from the
abdominal cavity, by inserting/removing a treatment de-
vice such as forceps or the like into/from the channel 62
(refer to FIG. 2).
[0028] As shown in FIG. 2, the illumination optical sys-
tem (illumination apparatus) 64 includes a light source
unit 92, a light guide bundle 94, and an illumination win-
dow 96 (refer to FIG. 1B). The observation optical system
66 includes an observation window 102 (refer to FIG.
1B), an objective lens 104, an image guide 106, an im-
age-formation lens 108, and an imaging element 110.
[0029] As shown in FIG. 1B, the illumination window
96 and observation window 102 are fixed to the hard
distal end portion 22. As shown in FIG. 2, at the proximal
end of the illumination window 96, the distal end of the
light guide bundle 94 is fixed to the hard distal end portion
22. At the proximal end of the observation window 102,
the objective lens 104 is fixed to the hard distal end por-
tion 22. At the proximal end of the objective lens 104, the
distal end of the image guide 106 is fixed to the hard
distal end portion 22. The light guide bundle 94 and image
guide 106 are extended to the operation portion 14
through the bending portion 24 and flexible portion 26.
[0030] In the light guide bundle 94, a number of light
guide fibers are collected. The outside of these collected
light guide fibers is covered with a protection tube, and
is shaped to have a circular cross section. As shown in
FIG. 6A, a light guide connector (a heat radiation member
of the illumination apparatus) 94a having a step 94b is
fixed with an adhesive to the proximal end of the light
guide bundle 94. The proximal end face (an illumination
light incident surface, or a light-receiving surface) of the
light guide bundle 94 is made flush with the proximal end
face of the light guide connector 94a, or the proximal end
face of the light guide connector 94a is shaped to project
further to the proximal end side of the light guide bundle
94. Here, the proximal end faces of the light guide bundle

5 6 



EP 2 039 285 A1

5

5

10

15

20

25

30

35

40

45

50

55

94 and light guide connector 94a are assumed to be flush
with each other.
[0031] The light source unit 92 is fixed to the inside of
the operation portion 14. The light source unit 92 includes
a light source 112, a mounting substrate 114, and a lead
wire 116. As shown in FIG. 6B, the light source 112 in-
cludes an LED 118a and a fluorescent substance 118b
coated on the light-emitting surface of the LED 118a, as
an illuminator. The LED 118a is an element to emit blue
light, for example. The fluorescent substance 118b is
flexible, and made by kneading a flexible resin material
with a fluorescent powder. When the LED 118a emits
blue light, a yellow fluorescent substance 118b receives
the light from the LED 118a, and glows white. Therefore,
the light source 112 emits pseudo-white light by applying
the blue illumination light of the LED 118a to the fluores-
cent substance 118b.
[0032] The mounting substrate 114 is made of a ma-
terial with good thermal conductivity such as aluminum
nitride of the like, and shaped circular with a small diam-
eter, for example. The LED 118a is mounted at the center
axis position one side of the mounting substrate 114. One
end of the lead wire 116 is fixed to the other side of the
mounting substrate 114. The other end of the lead wire
116 is connected to a power supply control circuit 136,
described later (refer to FIG. 2).
[0033] As shown in FIG. 6A, the light source 112 is
provided in contact with the proximal end of the light guide
bundle 94. At this time, the light source 112, light guide
bundle 94 and illumination window 96 are optically con-
nected. Therefore, the illumination light emitted by the
LED 118a of the light source 112, and turned to pseudo-
white light by the fluorescent substance 118b is emitted
from the distal end of the insertion portion 12 through the
light guide bundle 94 and illumination window 96.
[0034] The image-formation lens 108 and imaging el-
ement 110 shown in FIG. 2 are fixed to the operation
portion main body 32. The image-formation lens 108 is
fixed to the proximal end of the image guide 106. The
imaging element 110, such as a CCD or CMOS, is fixed
at a position where the image-formation lens 108 forms
an observation image. At this time, the observation win-
dow 102, objective lens 104, image guide 106, image-
formation lens 108 and imaging element 110 are optically
connected. Therefore, the light emitted from the illumi-
nation window 96 and reflected from a subject (an ob-
servation object) S (refer to FIG. 2) is imaged by the im-
aging element 110 through the observation window 102,
objective lens 104, image guide 106 and image-formation
lens 108. Therefore, an observation image of the subject
S can be obtained.
[0035] As shown in FIG. 1A and FIG. 2, the operation
portion main body 32 is provided with an image display
device 34. The outside frame of the image display device
34 is formed by a device main body (cabinet) 122 shaped
substantially rectangular parallelepiped (box-shape),
and a tilt lever (a finger rest) extended from a corner of
one side of the device main body 122 to the front side

10f of the endoscope 10, in a plane. The device main
body 122 and tilt lever 124 are formed as one piece. On
the front surface of the device main body 122, a monitor
132 for displaying an endoscopic image is provided. The
device main body 122 is pivotally supported at the upper
end of the operation portion 14. Therefore, the monitor
132 can be inclined to an easy-to-see position for a user
of the endoscope 10.
[0036] Further, as shown in FIG. 2, the device main
body 122 contains a battery 134, a power supply control
circuit 136, a recording control circuit 138 having a re-
cording medium such as an internal memory (not shown),
a display element control circuit 140, and an imaging el-
ement control circuit 142 as a processing circuit.
[0037] The battery 134 is connected to the power sup-
ply control circuit 136. The power supply control circuit
136 is connected to the monitor 132, recording control
circuit 138, display element control circuit 140, and im-
aging element control circuit 142. Further, the power sup-
ply control circuit 136 is also electrically connected to the
light source unit 92 and imaging element 110, and sup-
plies power to these parts.
[0038] The power supply control circuit 136 receives
the power supplied from the battery 134, and outputs a
suitable driving power to the light source unit 92, imaging
element 110, monitor 132, recording control circuit 138,
display element control circuit 140, and imaging element
control circuit 142.
[0039] The power supply control circuit 136 is provided
with a power switch 152, and is turned on/off by operating
the power switch 152. The battery 134 employs a re-
chargeable secondary cell, which can be inserted into
and removed from a housing slot, described later.
[0040] The recording control circuit 138 is supplied with
signals from the image switch 46 provided in the opera-
tion portion main body 32 (refer to FIG. 3), and a still
image recording switch 156 and a moving image record-
ing switch 158 provided in the image display device 34
(refer to FIG. 1A).
[0041] According to the input signals from these
switches, the recording control circuit 138 controls re-
cording, playing back and freeze-frame of a signal of an
endoscopic image as a still image or a moving image.
Namely, the recording control circuit 138 stores an ob-
servation image of a subject area S signalized by the
imaging element control circuit 142 on a recording me-
dium, and outputs the stored signal to the display element
control circuit 140 according to the instructions for playing
back and freeze-frame from the image reproducing
switch 46b.
[0042] The recording control circuit 138 can contain an
external recording medium such as an external recording
element attachable to/detachable from a housing slot, to
be described later, in addition to a recording medium such
as an internal memory, described above.
[0043] The display element control circuit 140 visual-
izes a signal from the recording control circuit 138 or the
imaging element control circuit 142, and displays an en-
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doscopic image on the monitor 132. The recording con-
trol circuit 138 sends an instruction signal to the power
supply control circuit 136 to supply power to the light
source unit 92, imaging element 110 and imaging ele-
ment control circuit 142, according to the signals input
from the switches 46, 156 and 158.
[0044] As shown in FIG. 1A, a power switch 152, a
power indicator 154, a still image recording switch 156
and a moving image recording switch 158 are provided
on the surface of the device main body 122, in addition
to the monitor 132. The power switch 152 is provided on
the rear side 10b of the device main body 122. The power
indicator 154, still image recording switch 156 and mov-
ing image recording switch 158 are provided in the mar-
ginal area of the monitor 132, for example. The power
switch 152 and power indicator 154 are connected to the
power supply control circuit 136. Therefore, the power
indicator 154 is turned on when the power switch 152 is
turned on, and turned off when the power is turned off.
[0045] The still image recording switch 156 and moving
image recording switch 158 are connected to the record-
ing control circuit 138. The still image recording switch
156 is pressed to turn on when setting a still image for a
recording endoscopic image record a still endoscopic im-
age. The moving image recording switch 158 is pressed
to turn on when setting a moving image for a recording
endoscopic image record a moving endoscopic image.
[0046] The device main body 122 is provided with a
housing (not shown), and a cover 162 configured to open
and close the housing. The housing is provided with slots
for housing the battery 134 and an external recording
element (a storage medium) such as a not-shown mem-
ory card (e.g., a XD picture card (registered trademark),
respectively. The external recording element can transfer
data from the internal memory of the recording control
circuit 138. The slot for housing the battery 134 is con-
nected to the power supply control circuit 136, and the
slot for housing the memory card is connected to the
recording control circuit 138. These components provid-
ed in the device main body 122 are enclosed with the
cover 162, to make them watertight.
[0047] An observation image of the subject area S tak-
en by the imaging element 110 is output from the imaging
element 110 to the imaging element control circuit 142.
The imaging element control circuit 142 converts the ob-
servation image of the subject area S taken by the im-
aging element 110 to a signal, and outputs the signal to
the recording control circuit 138 and display element con-
trol circuit 140.
[0048] As shown in FIG. 4 and FIG. 5A, the operation
portion main body 32 and grip part 36 of the operation
portion 14 are provided with outer casings 32a and 36a,
respectively. These outer casings 32a and 36a are made
of so-called engineering plastic (plastic material), which
is resistant to chemicals and heat, and is electrically in-
sulated.
[0049] The outside of the end portion of the outer cas-
ing 32a of the operation portion main body 32 is fixed to

the inside of the proximal end portion of the outer casing
36a of the grip part 36, in the state sealed by inserting a
sealing member 37 such as an O-ring. Therefore, the
insides of the outer casings 32a and 36a are made wa-
tertight.
[0050] The outer casing 32a of the operation portion
main body 32 is provided with the suction button housing
84 and the pivot 42a of the bending control lever 42.
[0051] The outer casing 36a of the grip part 36 is
shaped cylindrical with a protection hood 38 fixed to the
distal end (the insertion portion 12), and the proximal end
(close to the operation portion main body 32) is fixed to
the outer casing 32a of the operation portion main body
32. Further, the outer casing 36a of the grip part 36 is
provided with a cylindrical extension 36b to place a con-
nection tube 78 and treatment device insertion port 80.
[0052] To the inside of the outer casing 32a of the op-
eration portion main body 32, a first frame (intermediate
plate) 172 made of a metallic material with a large thermal
capacity and good thermal conductivity, such as alumi-
num is fixed. To the inside of the first frame 172, a second
frame 174, made of a metallic material with a large ther-
mal capacity and good thermal conductivity, such as alu-
minum, like the first frame 172, is fixed. The second frame
174 is provided inside the outer casing 36a of the grip
part 36. Particularly, the second frame 174 is extended
from the distal end (close to the insertion portion 12) of
the grip part 36 to the proximal end (close to the operation
portion main body 32), along the front side 10f and rear
side 10b of the outer casing 36a, for example. The second
frame 174 is divided into two or more parts, for example
a pair, and formed discontinuously including a notch (re-
fer to FIGS. 7A to 7D). The second frame 174 is not limited
to a symmetrical form, and may be any form that fits the
shape of the outer casing 36a.
[0053] Each second frame 174 is fixed with a screw
173 to the first frame 172 fixed to the inside of the outer
casing 32a of the operation portion main body 32. In the
side of the second frame 174 close to the insertion portion
12, the branch part 76, at which the channel 62 and treat-
ment device insertion port 80 are joined, is fixed tightly
to the second frame 174 with a not-shown screw.
[0054] As shown in FIG. 5A, the branch part 76 in-
cludes first to third connectors 76a, 76b and 76c. The
first connector 76a is connected to the proximal end of
the channel tube 74 which is inserted into the insertion
portion 12 and opened at the distal end of the insertion
portion 12. The second connector 76b of the branch part
76 is disposed inside the second frame 174. The third
connector 76c of the branch part 76 is connected to the
connection tube 78 in being strongly pressed to the third
connector 76c of the branch part 76 by the force of a nut
79a tightened to the inside surface of the extension 36b.
Further, the treatment device insertion port 80 is fixed to
the connection tube 78 with a screw.
[0055] The treatment device insertion port 80 and the
extension 36b of the outer casing 36a are constructed
watertight to prevent ingress of liquid by using a sealing
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member 79b such as an O-ring.
[0056] The treatment device insertion port 80 includes
a cylindrical part (opening) 80a exposed to the outside
from the extension 36b of the outer casing 36a in the part
exceeding the area to be held by an operator (near the
proximal end of the insertion portion 12). This cylindrical
part 80a is a part to dissipate heat to the outside.
[0057] A flange 80b is formed projecting outward, at
the end portion of the cylindrical part 80a of the treatment
device insertion port 80. A forceps plug 190 is attachable
to and detachable from the treatment device insertion
port 80, as shown in FIG. 3.
[0058] At the distal end of the second frame 174, first
and second connection members 176a and 176b are dis-
posed.
[0059] The first connection member 176a is connected
to the second frame 174 with a screw 177a. The first
connection member 176a connects the second frame
174 to the flexible portion 26 of the insertion portion 12.
Namely, the first connection member 176a is fixed so
that the inside surface of the first connection member
176a contacts the outside surface of the connector 26a
at the proximal end portion of the flexible portion 26 of
the insertion portion 12.
[0060] The inside surface of the first connection mem-
ber 176a and the outside surface of the connector 26a
at the proximal end of the flexible portion 26 are made
watertight to prevent ingress of liquid, by using a sealing
member 26b such as an O-ring. The outer casing mem-
ber 36a and first connection member 176a are made wa-
tertight to prevent ingress of liquid by using the sealing
member 177c such as an O-ring, for example.
[0061] The rubber protection hood 38 is formed on the
outside surface of the second connection member 176b
as one piece. The outside of the first connection member
176a is screwed into the inside of the second connection
member 176b.
[0062] The first frame 172, second frame 174, branch
part 76, connection tube 78, treatment device insertion
port 80, connection members 176a and 176b, and con-
nector 26a of the flexible portion 26 are made of metallic
materials with a large thermal capacity and good thermal
conductivity, such as aluminum. The members to serve
as liquid flow paths denoted by the reference numbers
76, 78 and 80 (refer to FIG. 5A) may be made of metallic
materials with resistance to corrosion, such as stainless
steel.
[0063] As shown in FIG. 3 and FIG. 5B, a forceps plug
190 is detachably attached to the treatment device inser-
tion port 80. As shown in FIG. 5B, the forceps plug 190
includes a cylindrical outer casing 192, and first and sec-
ond rubber valves 194 and 196 provided inside the outer
casing 192. The outer casing 192 and the first and second
rubber valves 194 and 196 are made of insulation mate-
rials.
[0064] The first and second rubber valves 194 and 196
are provided in being overlapped in the outer casing 192.
The first rubber valve 194 is made to be in contact with

the distal end of the outer casing 192. The first rubber
valve 194 has a slit 194a. The second rubber valve 196
is provided with a circular opening 196a, for example, to
insert a treatment device (not shown). When a treatment
device is not inserted, ends formed by the slit 194a of
the first rubber valve 194 are abutted, and the inside of
the forceps plug 190 is hermetically sealed. When a treat-
ment device is inserted, the inside edge portions of the
opening 196a of the second rubber valve 196 securely
contact each other, and the inside of the forceps 190 is
hermetically sealed.
[0065] The outer casing 192 of the forceps plug 190
can engage with the flange 80b of the treatment device
insertion port 80. The proximal end portion of the outer
casing 192 is flared. Namely, the end portion of the cy-
lindrical main body is enlarged. Therefore, the treatment
device insertion port 80 has a clearance S2 to the internal
surface of the proximal end portion of the outer casing
192 of the forceps plug 190. The heat H transmitted to
the treatment device insertion port 80 is radiated from
the clearance S2.
[0066] When the forceps plug 190 is fitted in the treat-
ment device insertion port 80, a projection 192a of the
inside surface of the plastic outer casing 192 of the for-
ceps plug 190 is elastically deformed, and the forceps
plug 190 is pushed in until it rides over the flange 80b of
the treatment device insertion port 80. As shown in FIG.
5B, when the forceps plug 190 is completely fitted in the
treatment device insertion port 80, the inside of the path
is closed to the outside (outside air) with two rubber
valves 194 and 196.
[0067] When a forceps or the like is inserted into the
channel tube 74, the distal end of the forceps is inserted
into the slit (entrance) 194a of the first rubber valve 194
of the forceps plug 190, and inserted further while being
deformed through close contact with the inside edge por-
tions of the opening 196a of the second rubber valve 196.
[0068] Even after the forceps plug 190 is completely
fitted in the treatment device insertion port 80, the end
portion of the outer casing 192 of the forceps plug 190
does not contact the extension 36b of the outer casing
36a of the grip part 36, and the connection of the cylin-
drical part 80a of the treatment device insertion port 80
to the outside is ensured. Namely, the clearance S2 is
ensured.
[0069] Next, an explanation will be given on a structure
to connect the light source unit 92 and light guide bundle
94 of the illumination optical system 64 to the operation
portion 14, with reference to FIG. 4 and FIGS. 6A to 7D.
[0070] A space S1 is formed between the second frame
174 and the inside surface of the outer casing 36a of the
grip part 36. The space S1 gives heat insulation to prevent
the heat H in the first frame 172, second frame 174,
branch part 76, connection tube 78, treatment device in-
sertion port 80, connection members 176a and 176b, and
connector 26a of the flexible portion 26, from being trans-
mitted to the outside of the outer casing 36a.
[0071] In the space between the opposing second
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frames 174 inside the grip part 36, the suction path 82
of the channel 62, the image guide 106 of the observation
optical system 66, the bending operation wire 52, and
the light source unit 92 and the light guide bundle 94 of
the illumination optical system 64 are extended. Namely,
the light source unit 92 includes the lead wire 116 ex-
tended from the power supply control circuit 136 to the
mounting substrate 114 (refer to FIG. 6A) in the grip part
36, to transmit the power supplied from the battery 134
to the mounting substrate 114 of the light source unit 92.
[0072] In the space between the opposing second
frames 174, the connection member 200, which optically
and thermally connects the light source unit 92 and light
guide bundle 94, is provided. Therefore, the connection
member 200 is used also as a heat transmission frame
or a heat radiation frame. Concretely, the connection
member 200 is fixed closely contacting the internal sur-
face of the second frame 174. Namely, the connection
member 200 is provided to securely transmit the illumi-
nation light from the light source 112 to the light guide
bundle 94, and effectively diffuse the heat generated from
the light source 112 upon emission of light, by using the
second frame 174.
[0073] The connection member 200 includes a tubular
body 202, and first and second cylindrical members 204
and 206 provided inside the tubular body 202. The tubular
body 202, first cylindrical member 204 and second cylin-
drical member (holding part) 206 are made of a material
having a large thermal capacity and good thermal con-
ductivity (e.g., a metal, such as aluminum).
[0074] As shown in FIG. 6A, FIG. 7C and FIG. 7D,
screw holes 174a and 202d are formed in the frame 174
of the grip part 36 of the operation portion 14 and the
tubular part 202, respectively. By inserting a screw 212
into the screw holes 174a and 202d, the frame 174 of
the grip part 36 is fixed to the tubular part 202 of the
connection member 200.
[0075] As shown in FIGS. 7A to 7D, the outside surface
of the cross section of the tubular part 202 is substantially
U-shaped. Therefore, a rectangular plane is formed on
the outside surface of the tubular part 202. The tubular
part 202 contacts the frame 174 in its rectangular plane,
and is positioned in a predetermined state.
[0076] Inside the tubular part 202, first and second
openings 202a and 202b with different inside diameters
are formed. The first opening 202a is provided at one
end of the tubular part 202 (the side close to the distal
end portion of the insertion portion 12), and the second
opening 202b is provided at the other end (the side sep-
arated from the distal end portion of the insertion portion
12). The first and second openings 202a and 202b are
substantially cylindrical spaces formed in the state con-
nected to the inside of the tubular part 202. Therefore, a
step height 202c is formed at the boundary between the
first opening 202a and second opening 202b. The cen-
terlines of the first and second openings 202a and 202b
are preferably on the same axis.
[0077] As shown in FIG. 6A and FIG. 7A, the first cy-

lindrical member 204 has a cylindrical through hole 204a
at the center, and a flange 204b at one end. The first
cylindrical member 204 has a screw hole 204c formed
from the side to the center of the through hole 204a.
[0078] As the flange 204b contacts one end of the tu-
bular part 202, the first cylindrical member 204 is fixed
in being positioned to the tubular part 202 when placed
in the first opening 202a. The light guide connector 94a
covered with the light guide bundle 94 is fixed to the
through hole 204a of the first cylindrical member 204 with
a screw 214 provided in the screw hole 204c penetrating
the first cylindrical member 204 sideways. As the light
guide connector 94a has the step 94b, the light guide
connector 94a is fixed at a predetermined position with
respect to the first cylindrical member 204.
[0079] The first cylindrical member 204 with the light
guide connector 94a fixed as above is disposed in the
first opening 202a of the tubular part 202, and fixed with
a screw 216 provided in the screw hole 202a penetrating
the tubular part 202 sideways.
[0080] As shown in FIGS. 6A and 6B, the second cy-
lindrical member 206 has a cylindrical through hole 206a
at the center, and a recess 206b to hold the mounting
substrate 114 at one end. The recess 206b is formed to
fit the mounting substrate 114. Therefore, the mounting
substrate 114 is fitted in the recess 206b, and the mount-
ing substrate 114 is fixed to the recess 206b with a screw
218. Namely, the light source unit 92 is fixed to the second
cylindrical member 206. The lead wire 116 extended from
the mounting substrate 114 is extended from the proximal
end of the second cylindrical member 206 through the
inside of the through hole 206a of the second cylindrical
member 206.
[0081] The second cylindrical member 206 with the
light source unit 92 fixed as above is disposed in the
second opening 202b of the tubular part 202, and fixed
with screws 222 and 224 provided in screw holes 202f
and 202g penetrating the tubular part 202 sideways.
[0082] At this time, on the side of the second cylindrical
member 206, a lengthwise position adjustment groove
is formed circularly in the circumferential direction as
shown in FIG. 6A and FIG. 7D. The cross section of the
circumferential groove 206c is substantially V-shaped as
shown in FIG. 6A. The screw hole 202g and circumfer-
ential groove 206c are connected. Therefore, in the cir-
cumferential groove 206c, a screw 224 having a conical
or truncated conical distal end sharpened to substantially
the same inclination angle as the circumferential groove
206c is inserted through a screw hole 202g penetrating
the side of the second cylindrical member 206.
[0083] As the distal end of the screw 224 is gradually
projected, the second cylindrical member 206 is moved
close to the first cylindrical member 204. Namely, the
fluorescent substance 118b of the light source 112 is
pressed to the proximal end portions of the light guide
bundle 94 and light bundle guide connector 94a, which
are flush with each other.
[0084] In this state, as shown in FIG. 6A and FIG. 7C,
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the second cylindrical member 206 is fixed with a screw
222 provided in a screw hole 202f penetrating the tubular
part 202 sideways.
[0085] The LED 118a of the light source 112 is usually
formed as a rectangular parallelepiped. Therefore, as
shown in FIG. 7B, the LED 118a has a rectangular cross
section in this embodiment. The light-emitting surface of
the LED 118a is coated with the fluorescent substance
118b. Here, the light-emitting surface of the light source
112 includes one or both of the light-emitting surface of
the LED 118a itself and the illumination light-emitting sur-
face formed by coating the fluorescent substance 118b
on the LED 118a.
[0086] The light guide connector 94a is cylindrical in
this embodiment. The outside diameter of the light guide
bundle 94 contacts a pair of long sides of two pairs of
sides of the rectangular fluorescent substance 118b
formed (coated) on the rectangular LED 118a. Therefore,
illumination light can be applied to the whole surface of
the proximal end face of the cylindrical light guide bundle
94 covered by the cylindrical light guide connector 94a.
As the light guide bundle 94 is provided as above with
respect to the light source 112, the light guide bundle 94
is provided with a part of the proximal end face of the
light guide connector 94a projected from the light-emit-
ting surface of the fluorescent substance 118b. The light
guide connector 94a is provided on the outside of the
light guide bundle 94, and the fluorescent substance
118b directly contacts the light guide bundle 94 and light
guide connector 94a, except at four corners. Namely, the
light guide connector 94a has a part directly contacting
the light source 112 (a tangential part α (refer to FIG.
10A), and a part projecting from the light source 112 (a
non-tangential part β) (refer to FIG. 10A).
[0087] As shown in FIG. 7B, the tubular part 202 has
a confirmation hole 202h connecting from the side to the
center axis of the second opening 202b. The confirmation
hole 202h is a window for confirming the state of contact
(tight contact) between the light source 112, light guide
bundle 94 and light guide connector 94a. Therefore, it is
possible to confirm that the light source 112, light guide
bundle 94 and light guide connector 94a are optically and
thermally connected by aligning the optical axes in the
connection member 200, by checking visually or by using
a not-shown small scope.
[0088] Next, an explanation will be given on the func-
tion of the endoscope 10 according to this embodiment.
[0089] When the power switch 152 is turned on, power
is supplied from the battery 134 to the light source unit
92, and the LED 118a of the light source 112 emits light.
As the fluorescent substance 118b is coated on the light-
emitting surface of the LED 118a, the light source 112
emits a pseudo-white light to the proximal end face of
the light guide bundle 94 as an illumination light. The
illumination light is emitted through the light guide bundle
94 and illumination window 96. Therefore, an image emit-
ted to the observation optical system 66 is displayed on
the monitor 132.

[0090] As observation is continued, the LED 118a is
heated as time passes. The heat H generated from the
LED 118a itself is transmitted to the second cylindrical
member 206 through the mounting substrate 114 with
good thermal conductivity. As the mounting substrate
114 and second cylindrical member 206 are made of ma-
terials with large thermal capacity, the heat H is diffused
during transmission to the mounting substrate 114 and
second cylindrical member 206.
[0091] Further, as shown in FIG. 7B, the proximal end
face of the light guide connector 94a has a contact part
directly contacting the fluorescent substance 118b, and
a non-contact part located outside the fluorescent sub-
stance 118b.
[0092] A part of the proximal end face of the light guide
connector 94a contacts the light-emitting surface of the
light source 112. Therefore, the light guide connector 94a
absorbs the heat H generated from the light source 112
itself, through the proximal end face. The heat H ab-
sorbed through the proximal end face of the light guide
connector 94a is transmitted to the distal end face of the
light guide connector 94a, and is partially diffused during
transmission. At this time, the heat H is also diffused from
the non-contact part of the proximal end face of the light
guide connector 94a located outside the light source 112.
[0093] As the heat H is diffused also from the non-
contact part, the light guide connector 94a itself is pre-
vented from increasing in temperature. This prevents de-
terioration of the adhesive bonding the light guide bundle
94 to the light guide connector 94a.
[0094] As the light guide connector 94a is tightly fixed
to the first cylindrical member 204, in the part close to
the distal end side rather than the proximal end face, the
heat H absorbed by the light guide connector 94a is trans-
mitted to the first cylindrical member 204. As the first
cylindrical member 204 is made of material with large
thermal capacity, the heat H is diffused during transmis-
sion to the first cylindrical member 204.
[0095] The first and second cylindrical members 204
and 206 are fixed to the tubular part 202. Therefore, the
heat H transmitted to the first and second cylindrical
members 204 and 206 is transmitted to the tubular part
202.
[0096] As the tubular part 202 is fixed to the second
frame 174 with good thermal conductivity, the heat H is
transmitted to the second frame 174. As the tubular part
202 contacts the second frame 174 in a plane, the heat
H is efficiently transmitted from the tubular part 202 to
the second frame 174.
[0097] Therefore, the heat H generated while the light
source 112 is emitting light is transmitted through not
only the mounting substrate 114, but also the light guide
connector 94a directly contacting the light-emitting sur-
face of the light source 112. Namely, the heat H gener-
ated when the light source 112 emits light is transmitted
and diffused through two or more paths.
[0098] The heat H transmitted to the second frame 174
is radiated through the branch part 76, connection tube
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78 and treatment device insertion port 80. Therefore, the
heat H generated when the light source 112 emits light
is radiated through the treatment device insertion port 80.
[0099] As the tubular part 202, second frame 174,
branch part 76, connection tube 78 and treatment device
insertion port 80 are made of materials with large thermal
capacity, the heat H is diffused during transmission.
[0100] As explained above, this embodiment provides
the following effects.
[0101] The heat H generated when the light source
112 emits light is transmitted and radiated through at least
two paths: one path transmits the heat to the tubular part
202 through the mounting substrate 114 and second cy-
lindrical member 206, and the other path transmits the
heat to the tubular part 202 through the light guide con-
nector 94a and first cylindrical member 204.
[0102] While the light source 112 is emitting light, the
heat H is gradually transmitted through two or more
paths, and diffused at the same time. Therefore, the light-
emitting efficiency of the light source 112 is not decreased
by the heat H, and the light-emitting efficiency is kept
high. Further, as the heat H generated from the light
source 112 is gradually transmitted and diffused, degra-
dation of the LED 118a of the light source 112 can be
delayed, and the life of the LED 118a can be prolonged.
[0103] Further, as the proximal end face of the light
guide connector 94a is provided with a non-contact part
in addition to a contact part directly contacting the light-
emitting surface of the light source 112, the light guide
connector 94a itself absorbs heat and prevents the LED
118a from temperature increase. This prevents deterio-
ration of the adhesive used between the light guide bun-
dle 94 and light guide connector 94a.
[0104] As the outside surface of the tubular part 202
is substantially D-shaped, the tubular part 202 has a
plane on the outside surface. The tubular part 202 is fixed
to the frame 174 with the plane part contacting the frame.
Therefore, the connection member 200 and frame 174
contact over a broad area. Therefore, the heat H can be
efficiently transmitted from the connection member 200
to the frame 174.
[0105] As the fluorescent substance 118b contacts the
proximal end faces of the light guide bundle 94 and light
guide connector 94a, it prevents from forming an air layer
between the fluorescent substance 118b and the light
guide bundle 94. The center axes of the fluorescent sub-
stance 118b and light guide bundle 94 are substantially
aligned. Therefore, the pseudo-white light emitted from
the LED 118a through the fluorescent substance 118b
is efficiently applied to the proximal end face of the light
guide bundle 94 with minimized incident loss caused by
diffused reflection, and guided to the distal end face.
[0106] According to the above first embodiment, the
following can be said.
[0107] The illumination apparatus includes a light
source 112 to generate heat when emitting illumination
light from a light-emitting surface, a light guide bundle
(light transmission member) 94, and a light guide con-

nector (heat radiation member) 94a. The light guide bun-
dle 94 has a light-receiving surface (the proximal end
face of the light guide bundle 94), which opposes the
light-emitting surface of the light source 112, and re-
ceives the illumination light emitted from the light-emitting
surface of the light source 112, and guides the illumina-
tion light from the light source 112 received on the light-
receiving surface. The light guide connector 94a has an
end face which is arranged along the light guide bundle
94 and opposed to the light-emitting surface of the light
source 112, and a contact part α which partially contacts
the light-emitting surface of the light source 112, and
transmits the heat of the light source 112. In this case,
as the light-emitting surface of the light source 112 di-
rectly contacts the light guide connector 94a, the heat
generated by lighting of the light source 112 can be di-
rectly transmitted to the light guide connector 94a (the
heat generated by lighting of the light source is directly
absorbed by the light guide connector 94a). As the heat
generated in the light source 112 is efficiently transmitted
by transmitting to the light guide connector 94a as de-
scribed above, the heat transmitted to the light guide con-
nector 94a can be diffused through the light guide con-
nector 94a itself.
[0108] The end face of the light guide connector 94a
of the illumination apparatus also has a non-contact part
β located outside the light-emitting surface of the light
source 112 (a part extended off the light source 112), in
addition to the contact part α. As the light guide connector
94a has a non-contact part β not contacting the light-
emitting surface of the light source 112, the heat trans-
mitted directly to the contact part α contacting the light-
emitting surface can be radiated by transmitting to the
non-contact part β.
[0109] The light source 112 of the illumination appa-
ratus is mounted on the mounting substrate 114, which
is electrically connected to the opposite side of the light-
emitting surface, and is given thermal conductivity.
Therefore, the heat from the light source 112 can be dif-
fused by efficiently transmitting the heat not only to the
light guide connector 94a, but also to the mounting sub-
strate 114.
[0110] In this embodiment, the first cylindrical member
204 fixed to the light guide connector 94a is explained
as a member separated from the tubular part 202. It is
also possible for the first cylindrical member 204 to be
formed as one piece with the tubular part 202.
[0111] Further, in this embodiment, the heat H gener-
ated in the light source 112 is radiated by transmitting
the heat to the treatment device insertion port 80 by using
the endoscope 10. The heat H can be diffused before
reaching the treatment device insertion port 80. There-
fore, as explained in this embodiment, it is not always
necessary to provide a part exposed to the outside air in
the illumination apparatus provided inside the operation
portion 14 of the endoscope 10.
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[Embodiment 2]

[0112] A second embodiment will be explained by us-
ing FIG. 8. This embodiment is a modification of the first
embodiment. The same members as in the first embod-
iment are given the same reference numerals, and a de-
tailed explanation on these members will be omitted.
[0113] As shown in FIG. 8, the outside surface of the
light source 112 is coated with an adhesive (heat-radiat-
ing resin material) 250 having an insulating property and
thermal conductive property (radiation property), or an
adhesive (resin material) 250 kneaded with a material
having an insulating property and good thermal conduc-
tivity. Namely, the light source 112 is fixed in contact with
the light guide connector 94a with the adhesive 250 of
thermal conductivity.
[0114] By connecting the mounting substrate 114 and
light guide connector 94a with the adhesive 250, a heat
transmission path is newly formed between the mounting
substrate 114 and light guide connector 94a. Therefore,
the path to transmit the heat H from the side of the light
source 112 to the light guide connector 94a and mounting
substrate 114 is created, the heat H generated by the
LED 118a of the light source 112 can be radiated more
efficiently. Further, the heat H intercommunicates be-
tween the mounting substrate 114 and the light guide
connector 94a through the adhesive 250, so that the ad-
hesive 250, mounting substrate 114 and light guide con-
nector 94a are in the thermal equilibrium. This prevents
unbalanced heat transmission, in which the heat is trans-
mitted only to one of the mounting substrate 114 and light
guide connector 94a.

[Embodiment 3]

[0115] A third embodiment will be explained by using
FIGS. 9A and 9B. This embodiment is a modification of
the first and second embodiments. The same members
as in the first and second embodiments are given the
same reference numerals, and detailed explanation on
these members will be omitted.
[0116] As shown in FIG. 9A, the light guide connector
94a is shaped like a pipe without the step 94, unlike the
light guide connector 94a of the first and second embod-
iments (refer to FIG. 6A). Therefore, the light guide con-
nector 94a is made thinner than the light guide connector
94a explained in the first and second embodiments.
[0117] The first cylindrical member 204 of the connec-
tion member 200 includes a cylindrical part (a member
serving as a heat transmission member and a heat radi-
ation member of the illumination apparatus) 204d formed
in one piece, in the side opposite to the side provided
with the flange 204b. The inside surface of the cylindrical
part 204d is closely adhered to the outside surface of the
light guide connector 94a with an adhesive with thermal
conductivity. The proximal end faces of the light guide
bundle 94, the light guide connector 94a and the cylin-
drical part 204d of the first cylindrical member 204 are

aligned at the same level.
[0118] In contrast, as shown in FIG. 9B, the LED 118a
of the light source 112 has a substantially square cross
section, the proximal end face of the light guide bundle
94 is housed inside the light source 112. The light guide
connector 94a is mostly housed inside the light source
112, but is partially exposed outside the light source 112.
The outside surface of the cylindrical part 204d covers
the whole light source 112, and contacts the four corners
of the light source 112, respectively.
[0119] As explained herein, this embodiment provides
the following effects. Though an explanation is omitted,
this embodiment provides the same effects as described
in the first and second embodiment.
[0120] By forming the light guide connector 94a thin,
the outside diameter of the light guide connector 94a can
be made small, and the light guide bundle 94 and light
guide connector 94a can be easily inserted into the in-
sertion portion 12. This provides ease of assembling
when inserting the light guide bundle 94 and light guide
connector 94a into the endoscope 10.
[0121] Further, as the light guide connector 94a is
made thin, the contact area of the proximal end portion
of the light guide connector 94a with the light source 112
is decreased. However, by covering the light guide con-
nector 94a with the cylindrical part 204d used as a mem-
ber serving as a heat transmission member and a heat
radiation member, as in the light guide connector 94a
explained in the first and second embodiments, the heat
transmission effect of the light guide connector 94a can
be compensated for by the cylindrical part 204d. There-
fore, the heat H can be transmitted and diffused (radiated)
as explained in the first and second embodiments. Be-
sides, as the cylindrical part 204d of the first cylindrical
member 204 having good thermal conductivity and large
thermal capacity directly contacts the fluorescent sub-
stance 118b of the light source 112, the heat radiation
effect of the light source 112 can be greatly increased.
[0122] In the light-emitting surface of the light source
112, all areas except the part (the light-receiving surface)
contacting the proximal end face of the light guide bundle
94 (all areas of the light emitting surface of the light source
112 not used for illumination) contact the proximal end
faces of the light guide connector 94a and cylindrical part
204d. Therefore, the part contacting the proximal end
faces of the light guide connector 94a and cylindrical part
204d can be used as a heat radiation surface to radiate
the heat H generated in the light source 112. Therefore,
by arranging the light source 112, light guide connector
94a and cylindrical part 204d as shown in FIG. 9B, the
effect of radiating the heat H generated by the light source
112 can be increased.

[Embodiment 4]

[0123] A fourth embodiment will be explained by using
FIGS. 10A and 10D. A detailed explanation will be given
on the relationship between the light-emitting surface of
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the light source 112, the proximal end face of the light
guide bundle 94 and the proximal end face of the light
guide connector 94a explained in the first to third embod-
iments, by using some examples. The same members
as in the first to third embodiments are given the same
reference numerals, and a detailed explanation on these
members will be omitted.
[0124] In the following first to fourth examples, the cy-
lindrical part 204d explained in the third embodiment will
not be explained or illustrated. No explanation or illustra-
tion will be given also for the case that the cylindrical part
204d is provided outside the light guide connector 94a.

(Example 1)

[0125] As shown in FIG. 10A, the light-emitting surface
of the light source 112 is rectangular (substantially, a
square). The proximal end face of the light guide bundle
94 is circular. The proximal end face of the light guide
connector 94a is annular. The length of one side of the
light source 112 is substantially the same as the diameter
of the proximal end face of the light guide bundle 94. The
point at which the diagonal lines of the light-emitting sur-
face cross substantially coincides with the centers of the
proximal end faces of the light guide bundle 94 and light
guide connector 94a.
[0126] The proximal end face of the light guide con-
nector 94a has a contact part α to contact the light-emit-
ting surface of the light source 112, and a non-contact
part β located outside the light-emitting surface of the
light source 112. The proximal end face of the light guide
bundle 94 has an illumination light incident part γ to con-
tact the light-emitting surface of the light source 112. The
illumination light incident part γ of the light guide bundle
94 contacts the opposing long sides of the rectangular
light-emitting surface of the light source 112.

(Example 2)

[0127] As shown in FIG. 10B, as in the first example,
the light-emitting surface of the light source 112 is rec-
tangular, the proximal end face of the light guide bundle
94 is circular, and the proximal end face of the light guide
connector 94a is annular. The length of a short side of
the light source 112 is made a little longer than the diam-
eter of the proximal end face of the light guide connector
94a. The outside surface of the light guide bundle 94
contacts one of a pair of short sides of the light source
112, and the outside surface of the light guide connector
94a contacts one of a pair of long sides of the light source
112. A part of the light guide connector 94a is a non-
contact part β located outside the light-emitting surface
of the light source 112.

(Example 3)

[0128] As shown in FIG. 10C, as in the first and second
examples, the light-emitting surface of the light source

112 is rectangular (substantially, a square), the proximal
end face of the light guide bundle 94 is circular, and the
proximal end face of the light guide connector 94a is an-
nular. The length of each side of the light source 112 is
smaller than the diameter of the light guide bundle 94.
The point at which the diagonal lines of the light-emitting
surface cross substantially coincides with the centers of
the proximal end faces of the light guide bundle 94 and
light guide connector 94a.
[0129] The proximal end face of the light guide con-
nector 94a includes a contact part α and a non-contact
part β with respect to the light-emitting surface of the light
source 112. The proximal end face of the light guide bun-
dle 94 has an illumination light incident part γ to contact
the light-emitting surface of the light source 112, and an
illumination light not-incident part δ located outside the
light-emitting surface of the light source 112. The four
corners of the light source 112 contact the outer periphery
of the proximal end face of the light guide connector 94a.

(Example 4)

[0130] As shown in FIG. 10D, unlike in the first to third
examples, the light-emitting surface of the light source
112 is circular, the proximal end face of the light guide
bundle 94 is square (rhombus), and the proximal end
face of the light guide connector 94a is rectangular and
annular. The length of a diagonal line of the proximal end
face of the light guide bundle 94 is made smaller than
the diameter of the light source 112. The length of a di-
agonal line of the proximal end face of the light guide
connector 94a is made a little longer than the diameter
of the light source 112. The center of the light source 112
substantially coincides with the point at which the diag-
onal lines of the proximal end faces of the light guide
bundle 94 and light guide connector 94a cross each oth-
er.
[0131] In the first to fourth example, when the proximal
end faces of the light guide bundle 94 and light guide
connector 94a contact the light-emitting surface of the
light source 112, the light guide connector 94a includes
a contact part α where at least a part of the light guide
connector 94a contacts the light-emitting surface of the
light source 112, and a non-contact part β where at least
a part of the light guide connector 94a is located outside
the light-emitting surface of the light source 112. There-
fore, the contact part α absorbs the heat H generated in
the light source 112. However, as the non-contact part β
contacts air or the adhesive 250 inside the grip part 36
of the operation portion 14, the non-contact part β con-
tributes to diffuse the heat H from the contact part α,
prevents the proximal end of the light guide connector
94a from being heated to a high temperature, and pre-
vents deterioration of the adhesive bonding the light
guide bundle 94 and light guide connector 94a. The heat
H absorbed by the light guide connector 94a is transmit-
ted to the first cylindrical member 204, and diffused at
the same time.
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[0132] Particularly, in the first, second and fourth ex-
amples, the proximal end face of the light guide bundle
94 has only the illumination light incident part γ where the
proximal end face of the light guide bundle 94 contacts
the inside of the light-emitting surface of the light source
112. Therefore, the light incident on the proximal end
face (the light-receiving surface) of the light guide bundle
94 can be efficiently transmitted.
[0133] Further, in the first to third examples, the prox-
imal end face of the light guide bundle 94 is circular, and
the proximal end face of the light guide connector 94a is
annular. This permits use without defining the directions
of the peripheries of these parts.
[0134] In the example 4, the light source 112 is circular.
However, a rectangular form is also possible, as in the
first to third examples.
[0135] In the embodiments described herein, the LED
118a is used for the light source 112. However, other
small light sources such as an organic EL may be used.

Claims

1. An illumination apparatus characterized by com-
prising:

a light source which generates heat when emit-
ting an illumination light from a light-emitting sur-
face;
a light transmission member which has a light-
receiving surface opposed to the light-emitting
surface of the light source, to receive the illumi-
nation light emitted from the light-emitting sur-
face of the light source, and guides the illumina-
tion light from the light source received on the
light-receiving surface; and
a heat radiation member which has an end face
arranged along the light transmission member
and opposed to the light-emitting surface of the
light source, and a contact part in which at least
a part of the end face directly contacts the light-
emitting surface, and transmits the light gener-
ated in the light source.

2. The illumination apparatus according to claim 1,
characterized in that the end face of the heat radi-
ation member has a non-contact part located outside
the light-emitting surface of the light source, in addi-
tion to the contact part.

3. The illumination apparatus according to claim 1,
characterized in that
an area of the light-receiving surface of the light
transmission member is smaller than an area of the
light-emitting surface of the light source, and
the light-receiving surface of the light transmission
member has an illumination light incident part to be
housed inside the light-emitting surface of the light

source.

4. The illumination apparatus according to claim 3,
characterized in that
the light-emitting surface of the light source is sub-
stantially rectangular, and
the light-receiving surface of the light transmission
member is substantially circular to be housed inside
the substantially rectangular light-emitting surface.

5. The illumination apparatus according to claim 4,
characterized in that the end face of the heat radi-
ation member has a non-contact part located outside
the light-emitting surface, with respect to each side
of the rectangular light-emitting surface of the light
source.

6. The illumination apparatus according to claim 1 or
2, characterized in that the light-receiving surface
of the light transmission member has an illumination
light incident part which is at least partially located
inside the light-emitting surface of the light source.

7. The illumination apparatus according to any one of
claims 1 to 6, characterized in that the light source
is mounted on a mounting substrate which is elec-
trically connected to the opposite side of the light-
emitting surface, and has thermal conductivity.

8. The illumination apparatus according to claim 7,
characterized in that the outside surface of the light
source is covered with a resin material to form a heat
transmission path between the mounting substrate
and heat radiation member.

9. The illumination apparatus according to any one of
claims 1 to 8, characterized in that the heat radia-
tion member has a cylindrical connector, into which
the light transmission member is inserted.

10. The illumination apparatus according to any one of
claims 1 to 9, characterized in that
the light transmission member is a light guide bundle,
and
the light source includes an LED and fluorescent
substance covering the LED, to emit white light.

11. An endoscope characterized by comprising:

an insertion portion to be inserted toward a sub-
ject;
an operation portion which is connected to a
proximal end of the insertion portion; and
an illumination apparatus according to any one
of claims 1 to 10, in which the light-emitting sur-
face of the light source and the end face of the
heat radiation member are directly connected
inside the operation portion.
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12. The endoscope according to claim 11, character-
ized in that the heat radiation member and light
source are connected inside the operation portion
by a connection member having thermal conductiv-
ity.

13. The endoscope according to claim 12, character-
ized in that the connection member is provided
closely contacting the heat radiation member.

14. The endoscope according to claim 12 or 13, char-
acterized in that
the light source is mounted on a mounting substrate
which is electrically connected to the opposite side
of the light-emitting surface, and has thermal con-
ductivity, and
the connection member is provided with a holding
part which transmits the heat transmitted from the
light source to the mounting substrate, and holds the
mounting substrate.
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